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DSS-13 Beam Waveguide Antenna Frequency Stability

T. Y. Otoshi and M. M. Franco
Ground Antennas and Facilities Engineering Section

Measurements made on the frequency stability of the DSS-13 34-m-diameter
Beam Waveguide (BWG) antenna showed that at 46.5- and 37-deg elevation angles,
the BWG antenna stability at 12.2 GHz was between 1.3 and 2.2 x 1078 for r =
1024 sec and good weather conditions. These frequency stability values apply to
the portion of the antenna that includes the main reflector, subreflector, tripod legs,
and the six BWG mirrors. The test results reported in this article are believed to
be the first known successful measurements of the stability of the microwave optics
portion of a large antenna to a level of 1 or 2 parts in 10'®.

l. Introduction

As was pointed out in a previous article 1], attempts
have been made in past years to measure the frequency
stability of a large antenna using various techniques in-
cluding (1) a probe on the reflector surface method, (2) a
spacecraft Doppler measurement method, (3) a collimation
tower method, and (4) very long baseline interferometry
(VLBI) methods. Most of these methods have been unable
to measure frequency stabilities to better than a few parts
in 10" or had other disadvantages discussed in [1].

A new method proposed in 1991 (1] involved the recep-
tion of far-field signals from geostationary satellites posi-
tioned at various elevation angles. The proposed method
had the advantages of being simple and inexpensive to im-
plement and could enable stability data to be obtained
in a short time frame. Except for a new fiber-optic sub-
system, most of the components and instruments required
were already available. Since the antenna now remains the
limiting factor that would prevent successful gravitational
wave experiments to be performed in the near future, there
existed an urgency to obtain antenna stability data that
could help establish realistic performance requirements for
new DSN antennas.

In addition to the goal of obtaining data in a short time
frame, another goal of the new method was to demonstrate
that fiber-optic cables could be used to carry microwave
frequencies over long distances with negligible degradation
to amplitude and phase stability. This article presents
data that demonstrates the new method was successfully
employed, and that all of the primary goals have been
met for good weather conditions. BWG antenna stability
data, applicable for inclement weather conditions, are not
yet available.

Il. Methodology

Figure 1 shows a block diagram of the test configura-
tion. The method involves the use of far-field signals in
the 11.7-12.2-GHz region from geostationary satellites, a
stable reference antenna, and a phase detector Allan de-
viation measurement instrument. One of the main advan-
tages of the test method is that it does not require refer-
ence signals that are coherent with the station clock. By
receiving the far-field signals simultaneously with a refer-
ence antenna and the 34-m antenna under test, the phase
variations common to both paths tend to cancel at the
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output of a mixer contained in the Allan deviation mea-
surement instrument [2].

For the proposed BWG antenna stability measurement
method to yield useful and accurate data to the 1 x10~1%
level, it is required that the 12-GHz reference path have a
fractional frequency stability of better than 1 or 2 x10~1¢
for 7 = 1000 sec. The fulfillment of this requirement by
the fiber-optic system has been reported in [3].

A Ku-band test package [4] is installed at the pedestal
room focal point F3. For this test configuration, the por-

tions of the BWG antenna being tested are the instabilities

of the main reflector, subreflector, tripod legs, and six mir-
rors of the BWG system.

Specific satellites selected for this method are posi-
tioned at 47-, 37-, and 12-deg elevation angles. Minor
antenna-pointing corrections, of about +50 mdeg max-

imum during a 24-hr period, are required to keep the —

antenna beam peak pointed at the satellite. Although
these antenna pointing changes are small compared with
those involved in an actual spacecraft track, phase change
measurements could uncover problems associated with an-
tenna pointing due to hardware or software. The method
is intended primarily to measure instabilities of the BWG
antenna due to outside air temperature and wind condi-
tions.

Even though the measurements are made at Ku-band,
the information can be inferred back to mechanically re-
lated changes and is therefore useful for determining sta-
bility at other frequencies.

lil. Test Results

Figure 2 shows the block diagram of the test configu-
ration that was used to measure the stability of the BWG
antenna at a 46.5-deg elevation angle. The DSS-13 BWG
antenna was pointed at a 46.5-deg elevation angle and a
156.9-deg azimuth for receiving a 12.2-GHz beacon signal
from the geostationary satellite GSTAR I owned by the

sec were 2.16 x 10~ for the first run and 1.64 x 1075
for the second run. These results were about a factor of 3
better than expected.

Also shown in Fig. 3 is the fiber-optic-system-only sta-
bility value of 1.64 x10~16 for 7 = 1024 sec. The fiber-
optic-only path is the baseline reference that sets the lower
limit of stability that can be measured for the 34-m BWG
antenna. Descriptions of the fiber-optic-only path and test
procedures were described previously in [3].

For interest, Fig. 4 is presented to show the raw phase
data correspbndmg to the Allan deviation result of the
above 5 a.m.-2 p.m. run. In addition, the outside air tem-
perature and wind conditions that prevailed during the
tests are shown in Figs. 5 and 6, respectively. It can be seen
from Fig. 6 that the air temperature varied from about 6
to 15 deg C and the wind was typically less than 30 km/hr.
A graphic description of the wind data (Fig. 7) shows that
~the wind was blowmg both into the back and into the
front of the main reflector surface at angles of about 16
deg (back side) and 52 deg (front side) off the main z-axis
direction.

Figure 8 shows the block diagram of the test configu-
ration used to measure the stability of the BWG antenna
at a 37-deg elevation angle. The DSS-13 BWG antenna
was pointed at a 37- deg elevation angle and a 132.9-deg

azimuth so as to receive a 12.2-GHz beacon signal from"

the geostationary satellite Satcom K1 owned by the GE
American Communications Corporation. This test config-
uration differs slightly from that shown in Fig. 2 in that
one additional 12.198-GHz filter and 20-dB gain amplifier
were used. For these tests and all subsequent tests, a new
calibration procedure was developed for verification of the
test setup. The calibration procedure was to move the
subreflector in £0.1-in. offset in the z-axis axial direction
from the nominal setting. It is known from previous work
[5], that the effective pathlength change was approximately
1.77 times the z-axis offset subreflection position on a 64-m
Cassegrain antenna. At 12.2 GHz, this pathlength change,
Ap1, corresponds to a phase change in degrees of

GTE Corporation. The signals from the reference antenna == ==

via the fiber-optic system and the 34-m antenna under test -

are connected to the Allan deviation measurement instiu-
ment, which contains a microwave phase detector. Band-

pass filters (centered at 12.2 GHz) were used to remove

unwanted signals.

"Figure 3 shows the Allan deviation plots obtained
March 4 and 5, 1992 for two 9-hour-long runs. The first
was from 4 p.m. to 1 a.m. PST and the second was from
5 a.m. to 2 p.m. PST. The Allan deviations for 7 = 1024

360
bpn = -(LTTAp1) (1)

where A = free-space wavelength in centimeters. For
Apt = 0.254 cm (0.1 in.), then &5 = 65.9 deg. With
the 34-m BWG antenna having shaped main- and subre-
flector surfaces, the 1.77 factor might be closer to 1.7 so
that 6y, = 63 deg. The measured phase changes resulting
from moving the subreflector £0.1 in. was about +60 deg
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as shown in Fig. 9. This procedure provided a means of
verifying that, for a particular test configuration, phase
changes that occurred in the antenna path above F1 were
actually observed and correctly measured.

Figure 10 shows the Allan deviation plot obtained when
the DSS-13 BWG antenna was pointed at a 37.0-deg ele-
vation angle. The Allan deviations measured for 7 = 1024
sec was 1.26 x10~1% for a 9-hour time period between 4
p.m. to 1 a.m. the next morning.

For interest, the raw phase data for the first run be-
tween 4 p.m.—1 a.m. are shown in Fig. 11 along with out-
side air temperature and wind data in Figs. 12 and 13,
respectively. It can be seen from these figures that the air
temperature varied between 12 and 7 deg C and the wind
was typically less than 24 km/hr. As depicted in Fig. 14,
the wind was blowing into the face of the main reflector
surface, but at a direction between 29 to 53 deg off the
main reflector z-axis.

IV. Future Test Plans

Comparisons of the results showed that for the 4 p.m.—
11 a.m. runs, the Allan deviations were 2.16 x10~!° and

1.26 x10~15 for 7 = 1024 sec at a 46.5- and 37-deg ele-
vation angles, respectively. For future tests, it would be
of interest to perform 9-hour runs between 8 p.m. and 5
a.m. when the least amount of air temperature variations
génerally occur.

For the future, plans are being made to obtain data at
the 12-deg elevation as well. Tt is also of interest to obtain
data for the more severe (>32 km/hr) wind conditions that
were shown in Figs. 6 and 13.

V. Conclusions

The initial test results presented in this article show
that the proposed methodology was successfully employed
and the goals were met. Data have been provided to
the gravitational wave experimenters in a relatively short
time frame (about 14 months) from conception of a new
method, followed by the procurement, fabrication, and in-
stallation phases, and then the test phase. More data still
have to be obtained to determine the stability of the BWG
antenna under more severe weather conditions. However,
this article has presented the first known stability data ob-
tained on a large microwave antenna to a level of 1 or 2
parts in x 105 for 7 of approximately 1000 sec.
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Fig. 1. Test configuration for measurement of the frequency stabllity of the DSS-13 BWG antenna.
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Fig. 2. The test configuration involving the use of the 12.2-GHz beacon signal from the GSTAR | geostationary satellite at a 46.5-deg
elevation angle.
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Flg 3. 7A”i'larnr deviation plots of the bS$-13 BWG antenna stabllity on March 4 and 5, 1992.
The DSS-13 BWG antenna was pointed at a 46.5-deg elevation angle and a 156.9-deg azimuth,
recelving a 12.2-GHz beacon signal from GSTAR I.
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Fig. 4. Phase change plot corresponding to the 5 a.m.-2 p.m. run of Fig. 3.
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Fig. 5. Outdoor amblent temperature change during the 5 a.m.-2 p.m. run of Figs. 3 and 4.
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Fig. 6. Qutdoor wind data durlng jho 5 a.m.-2 p.m. run of Figs. 3 and 4.
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during tests with the GSTAR | geostatlonary satellite.
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Fig. 9. Subreflector phase change plot as part of the precalibration procedure 1o verify test
setup on 1992 day of year 86. The DSS-13 BWG antenna was polinted at a 37-deg elevation
angle and a 132.9-deg azimuth, receiving a 12.2.-GHz beacon signal from Satcom K1.
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Fig. 10. Allan deviation plot of the DSS-13 BWG antenna stabllity on March 5 and 6, 1992.
The DSS-13 BWG antenna was polnted at a 37-deg elevation angle and a 132.9-deg azimuth,
receiving a 12.2-GHz beacon signal from Satcom K1.
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Fig. 11. Phase change plot corresponding to the 4 p.m.—1 a.m. run of Fig. 10.
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Fig. 12. Outdoor ambient temperature change during the 4 p.m.—1 a.m. run of Figs. 10 and 11.
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Fig. 13. Outdoor wind data during the 4 p.m.—1 a.m. run of Figs. 10 and 11.
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Fig. 14. Wind direction relative to the BWG antenna maln axis
during tests with the Satcom K1 geostationary satellite.
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